The gene encoding the precursor protein to the hormone oxytocin and its associated neurophysin has been isolated from a rat genomic library, and its sequence has been determined. The small gene (4850 base pairs) predicts a mRNA of -500 bases [without the poly(A) tail]. The exonintron organization is similar to that of the vasopressin gene, with two splice sites in the protein-coding region. The first exon (A) comprises the 5' noncoding promoter region, a putative signal peptide, the nonapeptide hormone oxytocin, and the NH2-terminal, variable region of neurophysin. The second exon (B) encodes the central, conserved region of neurophysin, and the third exon (C) encodes the remaining COOH terminus of neurophysin, with an additional arginine residue at its end, presumably cleaved off during post-translational processing. A stretch of 143 nucleotides within exon B, except for a single base change, is entirely homologous to the equivalent part of the rat vasopression gene, offering support for a gene conversion event having recently affected the two genes.
Oxytocin is a nonapeptide hormone produced by the magnocellular neurons of the supraoptic and suprachiasmatic nuclei of the hypothalamus. After synthesis as an inactive precursor, it is conveyed axonally to the posterior pituitary where it can be released by appropriate stimulation (1) . As shown by cDNA cloning, the oxytocin precursor also includes the sequence of the 10,000-dalton neurophysin (2) known to be involved in the transport of the hormone to the posterior pituitary.
Here we describe the isolation and sequence of the rat oxytocin gene from a genomic DNA library. The elucidated nucleotide sequence shows considerable homology both in organization and sequence with the gene of the closely related hormone vasopressin (3), supporting their common evolutionary origin. Nevertheless, the 5' promoter sequences of the two genes have diverged considerably, reflecting the different functions and probably different regulation of the two genes.
MATERIALS AND METHODS
Screening of the Genomic Library. A rat genomic library of 16-kilobase (kb) size-selected DNA fragments, partially cleaved by endonuclease Sau3A and inserted in the BamHI site of the phage X vector EMBL-3 (kindly provided by G. Scherer, Heidelberg), was screened for oxytocin-specific plaques by in situ hybridization at 650C with 32P-labeled nick-translated probes of specific activity > 108 cpm/,ug of DNA.
Restriction Analysis and Sequence Determination. Purification and small-scale DNA preparation of plaques identified as potentially containing the oxytocin gene and their subsequent restriction analysis showed that there were two types of phage X clone containing similar DNA fragments in the two possible insertion orientations. DNA from one of these clones was purified by the large-scale liquid procedure of Blattner et al. (4) and subjected to further restriction mapping. A 2.4-kb EcoRI restriction fragment believed to contain the entire oxytocin gene was subcloned into plasmid vector pUC8 grown in the Messing Escherichia coli strain JM83 (5) . The sequence of this plasmid (pOXEcoRI), after more detailed restriction analysis (Fig. L4) , was determined by the strategy as outlined (Fig. 1B) using the procedure of Maxam and Gilbert (6) . DNA fragments were labeled at their 5' ends by using [y-32P]ATP (New England Nuclear, >3000
Ci/mmol; 1 Ci = 37 GBq) and T4 polynucleotide kinase (Boehringer Mannheim) or at their 3' ends by using [32P] ordycepin and terminal deoxynucleotidyltransferase (New England Nuclear).
RESULTS
Southern blot analysis of rat genomic DNA cleaved with the restriction enzyme EcoRI and probed with DNA fragments recognizing the vasopressin and oxytocin genes, revealed two bands of 8.2 and 2.4 kb (Fig. 2) . As indicated by restriction and sequence analysis, the former band contains the vasopressin and the other contains the oxytocin gene. This result implies only a single copy of each gene within the rat genome.
Screening Strategy. Comparison of cDNA sequences corresponding to the bovine hypothalamic mRNAs for the oxytocin and vasopressin precursors showed that only the 3' regions of the two cDNAs were sufficiently dissimilar to serve as hormone-specific probes (2, 3, 7) . In contrast, the central region of the two cDNA clones, corresponding to the highly conserved region of the (10) . The first intron, both of whose exon-intron junctions conform to the 5' donor and 3' acceptor consensus se-* _ quences (9) , interrupts the region coding for the variable -NH2 terminus and the constant part of the neurophysin (11) . Within this short intron of 220 nucleotides, there is a possible alternative acceptor exon-intron junction (C-A-C-C-T-T-C-A-G-A-G) at position 451 (Fig. 3) . Exon B comprises 202 nucleotides encoding the central region of the neurophysin, which is highly conserved between species (11) . A stretch of 143 nucleotides within this sequence is almost entirely homologous to a similar region in the second exon of the vasopressin gene (Fig. 3) . There is only a single base change at position 679, corresponding to the substitution of a leucine in the vasopressin precursor by a valine.
The second intron is small (84 bp) and is followed by a short final exon C, encoding a truncated aspartate and the remaining COOH-terminal 16 
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ARG LEU VAL GLN LEU ALA GLY THR GLN GLU SER VAL ASP SER ALA LYS PRO ARG VAL TYR 943 (3, 14) and calf (15 (11) except that there is a supernumerary arginine at the COOH terminus preceded by glutamic acid rather than glutamine. The extra arginine corresponds to the single arginine cleavage signal separating the neurophysin and the glycoprotein in the vasopressin precursor (Fig. 3) . Also, the arginine codon is conserved between the two genes in an otherwise nonhomologous region. It seems likely that the primary translation product includes the extra residue as a rudimentary processing signal that is cleaved off probably by a carboxypeptidase B-like enzyme during the subsequent post-translational processing steps leading to the mature oxytocin and neurophysin. The oxytocin precursor from calf carries at its end a histidine residue (2) whose codon differs from that for the corresponding arginine by a single base change in the second position. A similar additional amino acid also has been predicted from nucleotide sequence analysis of the y2b heavy-chain immunoglobulin family (12) or of the corticoliberin precursor (13) (Figs. 3 and 4) . This region corresponds precisely in all four genes to the central exon. Whereas other homologous regions-for example, in exon A-contain a number of silent nucleotide changes, this is not the case for the central exon whose nearly perfect nucleotide homology points to a specific mechanism to maintain this conserved region. Because this nucleotide homology is not precisely defined by the exon-intron junctions, mutual gene conversion (16) appears to be the most probable mechanism accompanied subsequently by, in the rat, a single point mutation.
G C C C T G C T T T G T G A T G A T A C C T T T A G G G C G C T T C C T T C G T T C C C C A T G G C C A C T A C C T GG C AT CG C C C C C C A C G. C C T C C C C C C T A C A a C A T a G. A A A A T
Second, in the rat and calf vasopressin genes, the good homology (>80%) evident in the protein-coding region of exon A extends not only as far as the mRNA cap site but at least for a further 100 bp upstream in the promoter region (Fig. 4A) . This points to a strong conservation of the sequence responsible for regulation of vasopressin gene transcription. On the other hand, the corresponding regions of the rat and calf oxytocin genes are not conserved except that there are, at regular intervals, blocks of up to 17 nucleotides shared identically between both genes (Fig. 4B ). This may imply that these blocks serve as specific signals in the regulation of the oxytocin genes. The lack of any homology in the acids). The vasopressin gene sequence is incomplete in the 5' untranslated region and in intron 1. Breaks are given in the oxytocin gene sequence in intron 2 (position 824) and in exon C (position 942) to accommodate homologies with the vasopressin gene, whose sequence is longer in these regions. The Goldberg-Hogness sequence (C-A-T-A-A-A) is enclosed in a box (position 193). To deter-mine the cap site of the mRNA, the genomic subclone pOXEcoRI was cut with restriction enzyme Mst I at a site close to the 3' end of the first exon (Fig. 1A) . The 5' blunt ends were then labeled with [.y-32P]ATP and T4 polynucleotide kinase in alkaline solution (6) and were recut with Apa I to give a 205-bp fragment labeled at the 5' end of the sense strand. This probe (-0.3 pmol; specific activity, 2 x 105 cpm/pmol of 5' ends) was denatured, hybridized at 55°C overnight to 5 ,gg of poly(A)+ RNA from rat hypothalamus, and digested at 43°C for 60 min with 200 units of S1 nuclease (8) .
An aliquot of the probe was used for sequence determination and as a marker in the subsequent electrophoresis of the protected radioactive fragment.
Biochemistry: Ivell and Richter   F   2010 Biochemistry: Ivell and Richter 5' promoter region between hormones in either species would be in line with the view that the genes for oxytocin and vasopressin are under independent control within the magnocellular neurons of the hypothalamus.
Knowledge of the rat oxytocin gene sequence provides the possibility of constructing specific DNA probes with which to investigate transcriptional activity of this gene in various physiological states, including organs other than the hypothalamus. Preliminary data obtained by dot-blot analysis indicate that the oxytocin or vasopressin gene, or both, are also expressed in the corpus luteum of pseudopregnant rats. By using specific probes it should be possible to verify these results and to determine what role these hormones may be playing in non-neural tissues.
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